Introduction 42
Streptomycete bacteria are major source of clinically useful bioactive natural products 43 including antibiotics, immunosuppressive and anti-cancer agents. A remarkable feature of 44 their genomes is that there are often several genes that appear to encode the same 45 biochemical function (Bentley et al., 2002; Schniete et al., 2018) . This is often referred to as 46 'genetic redundancy', where two or more genes are performing the same biochemical function 47 (Nowak et al., 1997) . While genetic redundancy does occur in nature, many so called 48 'redundant' genes have evolved divergent functions and provide the functional diversity and 49 evolutionary robustness that can be observed in genomes from a wide range of organisms 50 (Wagner, 2008b) . There are two main mechanisms that contribute to the expansion of gene 51 families within genomes -the duplication of genes or horizontal gene transfer events 52 variation, allostery or substrate affinities are seldom taken into account during the construction 63 of metabolic models for Streptomyces. As a result, homologous functions often combined into 64 a single flux pathway that may not reflect the physiological nature of each gene product. This 65 is especially stark when attempting to understand the supply of precursor molecules from 66 central metabolism to the production of specialised metabolites. 67
It was hypothesised that gene families that have undergone gene expansion events would 68 exhibit different expression profiles if they have diverged functionally. To understand the role 69 of these gene expansions in Streptomyces and their impact on central metabolism and 70 specialised metabolism, an RNA-Seq approach was taken using S. coelicolor grown either on 71 glucose or tween as sole carbon source. Cultures were compared at a single point during 72 growth (mid-log phase) to understand how transcription of central metabolic genes varies 73 when the cultures are growing primarily via glycolysis (glucose as the sole carbon source) or 74 gluconeogenically (with the mono-oleate, tween). It was found that expanded gene families 75 exhibit different responses to growth on different carbon sources. These data will enable prioritisation of targets for metabolic engineering and will be informative for the construction of 77 metabolic models. 78
79

Results and discussion 80
Expanded gene families in carbon metabolism exhibit different transcriptional profiles 81
To investigate the differences between glycolytic and gluconeogenic growth conditions, S. 82 coelicolor M145 (an A3(2) strain) was grown respectively on glucose and Tween40 as sole 83 carbon source. Growth of liquid cultures was monitored by cell dry weight and samples were 84 removed for total RNA extraction at mid-exponential phase, which for glucose was 19 h and 85 for tween was 36 h (Supp. Fig. 1 ). The specific growth rate of S. coelicolor M145 was 0.18 h -86 1 when grown on glucose and 0.4 h -1 for growth on tween (See Supp. Fig. 1 ). 87
RNA samples from these cultures showed global effects on transcription, when analysed by 88 RNA-Seq, when the strain was grown on different carbon sources. Growth on tween resulted 89 in 644 genes being differentially expressed when compared to growth on glucose. Of the 644 90 differentially expressed genes, 37% were predicted to encode hypothetical proteins, 9% 91 encoded regulatory genes, 12% encoded central carbon metabolic enzymes, 6% were 92 transporters, 4% were associated with specialised metabolism, 2% encoded genes associated 93
with stress metabolism and 1 % of genes were associated with DNA replication, nitrogen 94 metabolism and genes associated with metal metabolism (See Supp. Table 1 
-6). Growth on 95
Tween40 resulted in an up-regulation of genes associated with gluconeogenesis and fatty acid 96 degradation when compared to cultures grown on glucose ( Fig. 1C and Supp. Tab.1-6). 97
To examine transcription of expanded gene families, two categories of expression profiles 98 were considered: Type 1, where all genes within an expanded gene family behaved similarly 99 under the different growth conditions, and Type II where members of an expanded gene family 100 exhibit differential gene expression i.e. one or more member of the family increased, while 101 expression of other members of the gene family, increased to a different degree, decreased 102 or remained the same ( Fig. 1A and Supp. Table 1 ). We identified 34 enzymatic reactions in The glycolysis pathway, unsurprisingly, showed reduced expression when the cultures were 115 grown on Tween40 as sole carbon source. Only two glycolytic enzyme families exhibited Type 116 II expression, with an increase in expression for the minor glucose kinase (SCO0063; 5-fold 117 increase in expression), whereas expression of the primary glk (SCO2126) remained 118 unchanged under both conditions. GAPDH also showed Type II expression profiles, with 119 expression of SCO7040 increased on tween, whereas the other two copies of the genes 120 encoding GAPDH had reduced expression. A previous proteomic-based study also identified 121 an increase in abundance of the SCO7040 protein when grown on a non-glucose carbon 122 source (fructose; Gubbens et al., 2012). The two PK genes, as we have previously 123 demonstrated, exhibited Type I expression (Schniete et al., 2018) , with both copies being 124 down regulated when cultures are grown on tween. 125
Overall, genes involved in gluconeogenesis were upregulated when cultures were grown on 126 tween compared to glucose -as would be expected. The only expanded gene family encoding 127 gluconeogenic function is that encoding the two PPDKs, which both displayed substantially 128 increased expression (Type I expression), with ppdk1 up regulated 11-fold up and ppdk2 129 upregulated 30-fold (ppdk2). This suggests that, under these conditions, S. coelicolor may be 130 using unconventional gluconeogenic routes for anaplerotic reactions rather than via the 131 glyoxylate shunt, as expression of ICL and both MS enzymes remain unchanged during 132 growth on either carbon source. 133
Expression of the pentose phosphate pathway showed little differential expression under the 134 two conditions studied. Type II expression profiles were observed for zwf, with expression of 135 SCO6661 reduced when cells were grown on tween, whereas expression of SCO1937 was 136 unchanged between the two conditions. This was consistent with the work of Gubbens et al. 137
(2012), where SCO6661 was downregulated when cultures were grown on fructose rather 138 than glucose. There was no evidence of changes in transcriptional activity for the putative 139
Entner-Doudoroff (ED) pathway genes for KDPG aldolase (SCO2298, SCO3473 and 140 SCO3495). However reduced expression of two of the three phosphogluconate dehydratase 141 homologues (SCO3877 and SCO6658) was observed when cultures were grown on tween 142 remained stable under both growth conditions as would be expected, given this core part of 147 metabolism is required for biosynthesis under all physiological conditions. The exception was unchanged; one copy of the malic enzyme (SCO2951) showed a two-fold decrease in 151 expression, compared to SCO5261, which remained unchanged under both conditions; the 152 extensive expansion in S. coelicolor of genes encoding the PHDCE1 subunit exhibited a range 153 of expression changes -expression profiles for SCO1269, SCO7124, SCO2371 and 154 SCO3816/3817 were the same for both carbon sources, whereas SCO2183 had a 3.5-fold 155 decrease and SCO1270 a six-fold increase on tween. 156
As expected the fatty acid utilisation genes were expressed more when S. coelicolor was 157 grown on tween, especially cholesterol esterase (SCO5420), which had an increase of almost 158 37-fold. The enzyme catalyses the hydrolysis of the head group of tween from the fatty acid 159 palmitate, which are then utilised as carbon source (Plou et al., 1998; Pratt et al., 2000; Sakai 160 et al., 2002) . The other genes from this pathway showed between 3 to12-fold increase in 161 expression (Supp. Table 2) . 162
To verify the RNA-Seq data, we performed qPCR on the RNA samples used for the RNA-Seq 163 experiment using primer pairs for five different genes -pyk1 and pyk2 from glycolysis, ppdk1 164 and ppdk2 from gluconeogenesis with primary sigma factor hrdB as control. These two pairs 165 of genes were chosen as representative of expanded families, identified in a previous study 166 (Schniete et al., 2018) . RNA-Seq data showed that expression was strongly up or down-167 regulated under the chosen conditions, whilst hrdB (as expected) showed no difference under 168 the two conditions tested. The fold-change difference in the qPCR data was similar to that 169 observed in RNA-Seq experiments, corroborating the wider results (Supp. Fig. 2 & 3) . 170
Carbon source influences specialised metabolite gene expression 171
Genes involved in isorenieratene biosynthesis (SCO0185-0191), showed an increase in 172 transcription in cultures grown on tween, with a three to eight-fold increase in expression Table 2) . Given the only difference between the cultures was the 182 carbon source, we hypothesise that cultures experienced oxidative stress. This is supported A non-ribosomal peptide synthetase (NRPS) pathway (SCO6429-6438), the siderophore 185 coelichelin biosynthetic gene cluster (SCO0491-0498) and the actinorhodin cluster 186 (SCO5071-5092) all had decreased expression when grown on tween compared to glucose 187 by two to five-fold, two to three-fold and three to 11-fold respectively ( Fig. 1 and Supp. Table  188 2). This may reflect a tighter control of entry into specialised metabolism when cultures are 189 grown on tween rather than glucose, although further experiments are needed to confirm this. 190
Studies such as this can inform metabolic modeling approaches for strain improvement 191 enabling expression data and metabolic flux analysis to be taken into account with respect to 192 isoenzymes within expanded gene families rather than combining the activities of all copies of 193 a gene family into a single flux (Fernández-Martínez & Hoskisson, 2019). This knowledge will 194 inform choices of metabolic engineering targets and the supporting dataset will also inform on 195 the role of hypothetical proteins and regulators during growth on two different carbon sources 196 that drive metabolism along two different pathways.
Materials and Methods 198
Bacterial strains and growth conditions 199
Streptomyces coelicolor A3(2) M145 (Kieser et al., 2000) was used throughout the study.
200
Spores were germinated in 50 ml of 2x YT medium in flasks containing a metal spring and 201
were incubated for up to 8h at 30 • C and 250 rpm until emerging germ tubes were visible under 202 a microscope (Kieser et al., 2000) . for 5 min at room temperature. Following centrifugation (5 min, 4˚C, 6000 x g) biomass was 212 then resuspended in 1ml 1x TE buffer containing 15 mg/ml lysozyme. Tubes were vortexed 213 for 10 s and incubated at room temperature for 60 min whilst shaking. 1 ml RLT buffer (Qiagen 214 RNA Isolation Kit) + 10 μl β-mercaptoethanol was added and vortexed and a phenol 215 chloroform extraction followed by an ethanol precipitation was carried out. The sample was 216 then purified using a commercial RNA isolation Kit (Qiagen). The isolated RNA was treated 217
with RNAse free DNase (Ambion, Life Technologies) as specified by the manufacturer. 218
Quantification of RNA was carried out using Qubit® (Life Technologies). The quality and 219 integrity of the RNA was assessed using a Bioanalyzer (Agilent). Furthermore, the RNA 220 samples were also used as templates for a generic PCR in order to check for DNA 221 contamination using primers for hrdB (SCO5820). ). The raw data output from CLC Genomics Suite can be found in Supp Table 7 , and a list 261 of all differentially expressed genes is shown in Supp. Table 5 . For the heatmap representation in Fig 1C, all differentially expressed genes were normalised to the maximum (+1) and 263 minimum (-1) of all significantly different expressed genes and this can be found in Supp.   264   Table 6 . The code to create Fig 1C can Research 6000 (Qiagen) machine, PCR reactions were subjected to a three-stage 280 thermocycling reaction (one 3 min step at 95 C, followed by 40 cycles of 5 s at 95 C and one 281 25 s step at 60 C. Each reaction was carried out in duplicate and a no template control was 282 included for each set of primers. To allow quantification, standard curves for each gene were 283 prepared (in triplicate) using purified PCR product from a genomic DNA PCR. This template 284 was diluted to create seven different standards ranging from 10 1 -10 7 molecules/per reaction. 
